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Acute disruption of the permeability barrier by either 
tape stripping or acetone treatment and chronic 
disruption by feeding an essential fatty acid - deficient 
diet increase the mRNA levels of tumor necrosis fac-
tor-a (TNFa), interleukin (IL)-la, IL-1P, IL-lra, and 
granulocyte / macrophage - colony-stimulating factor 
in murine epidermis. Furthermore, epidermal TNFa 
protein levels also are stimulated by barrier disruption. 
To understand the relation of epidermal cytokine pro-
duction to barrier function, we studied the effect of the 
application of a water vapor-impermeable membrane 
on epidermal cytokine production both in normal epi-
dermis and after barrier disruption. Latex occlusion of 
essential fatty acid-deficient mice for 24 - 48 h lowered 
the mRNA levels of epidermal TNFa, IL-la, and IL-
lra to nearly control values, but not the levels ofIL-1P 
mRNA. Occlusion of normal mice for 8, 24, and 48 h 
did not alter the levels of epidermal mRNAs encoding 
T he potential contribution of epidermis-derived cyto-kines to the inflammatory component of skin diseases such as psoriasis and irritant dermatitis is well recog-nized. Our present concepts of the regulation of epi-dermal cytokine production derive largely from stud-
ies in keratinocyte cultures [1- 3]. Tumor necrosis factor (TNF) 
production in keratinocytes is stimulated by endotoxin [4], ultravio-
let light [4], and urushiol [5 ,6]. Interleukin-l (IL-l) production in 
keratinocytes is stimulated by ultraviolet light [7,8]' retinoic acid, 
and phorbol esters [9]. Once produced, both TNF and IL-l are 
capable of initiating a cytokine cascade, as each has been shown to 
induce IL-6 [10], granulocyte/macrophage - colony-stimulating 
factor [11], and further IL-l production [1 2], as well as increased 
expression of proinflammatory molecules such as intercellular ad-
hesion molecule [5] and IL-8 [5,13]. 
Further insights into the regulatory role of cytokines for both 
normal epidermal function and cutaneous pathophysiology have 
come from in vivo studies. Several cytokines, including IL-la, IL-
1P, TNFa, and IL-1ra, have been localized by in situ hybridization 
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TNFa, IL-1P, or IL-lra. Yet mRNA levels ofIL-la, the 
major constitutively produced epidermal cytokine, 
were reduced by 40% after 24 h and by 80% after 48 h of 
occlusion of normal mouse epidermis. In contrast, 
latex occlusion of mice immediately after acute 
barrier disruption by either tape stripping or acetone 
treatment blocked neither the stimulation of epider-
mal mRNAs for TNFa, IL-la, IL-1P, or IL-lra, nor the 
increase in epidermal TNFa protein. Taken together, 
these results suggest that barrier status regulates the 
production of specific cytokines in essential fatty acid-
deficient and normal m ouse epidermis. However, the 
signals that regulate epidermal cytokine production in 
response to acute barrier disruption do not appear to be 
influenced by occlusion. Key words: cutaneous permeabil-
ity barrier/latex/tumor necrosis factor / interleukin-1. ] Invest 
DermatoI103:834-838,1994 
and/or immunostaining to normal epidermis [14-16]. In fact, epi-
dermis normally contains a large reservoir of IL-1a [17,18] . Ultra-
violet irradiation of human skin increases circulating levels of both 
TNF [4] and IL-1 [19], which are presumed to arise at least in part 
from keratinocytes. Studies from our laboratory have demonstrated 
that acute disruption of the murine epidermal permeability barrier 
by solvent treatment or tape stripping, as well as chronic disruption 
by feeding an essential fatty acid-deficient (EFAD) diet, increase 
the mRNA levels of TN Fa, IL-1a, IL-1P, IL-1ra, and granulocyte/ 
macrophage-colony-stimulating factor in epidermis [20,21]. In 
contrast, barrier disruption did not lead to increased or detectable 
levels of the mRNAs for IL-6 or interferon gamma [20]. Further-
more, we have demonstrated that TNFa protein levels increase 
throughout the entire viable epidermis after barrier disruption 
[20,22]. 
Disruption of the barrier triggers a homeostatic response that 
leads to the rapid return of normal barrier function [23]. We hy-
pothesized that epidermal cytokines coordinate portions of this re-
pair response, which includes 1) the rapid secretion of preformed 
lamellar bodies by stratum granulosum cells [24,25], 2) the forma-
tion of new lamellar bodies in stratum granulosum cells [24,25]' and 
3) increased epidermal lipid [26-29] and DNA synthesis [30]. 
Moreover, we have suggested that elevated epidermal cytokine pro-
duction also may provide a link between alterations in barrier func-
tion and inflammatory/proliferative skin disorders [20,31]. Fur-
thermore, treatment of skin lesions with occlusive membranes 
reportedly benefits a variety of skin disorders including psoriasis 
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[32]. Together, these findings suggest that occlusion could amelior-
ate these skin diseases by down-regulating the production of epider-
mal cytokines. In the present study, we determined whether occlu-
sion of the epidermis would prevent the increase in cytokine mRNA 
levels induced by barrier disruption. 
MATERIALS AND METHODS 
Materials The murine cDNA probe for TNFa (B9) was kindly provided 
by Dr. Bruce Beutler (University of Texas, Southwestern Medical School, 
Dallas, TX). The mIL-1pcDNA was kindly provided by Genentech (South 
San Francisco, CAl. The mIL-la cDNA was kindly provided by Dr. J. Ansel 
(University of Oregon Medical Center, Portland, OR). The cDNA for 
murine IL- lra was kindly provided by Dr. Stephen Eisenberg (Synergen, 
Inc., Boulder, CO). ["P] deoxycytidine 5' -triphosphate. tetra (triethylam-
monium) salt (3000 Ci/mmol) was purchased from New England Nuclear 
(Boston, MA). 
Barrier Disruption, Occlusion, and Isolation of Epidermis The en-
tire torsos of male hairless mice (Simonsen Laboratories, Gilroy, CA or 
Jackson Laboratories, Bar Harbor, ME), 6-8 weeks old, were treated with 
repeated topical aPl?lications of absolute acetone or cellophane tape as de-
scribed previously 120,24-30]. Both procedures were stopped when the 
transepidermal water loss rates reached 6- 10 mg/cm2/h as measured with 
an e lectrolytic water analyzer (Meeco, Inc., Warrington, PAl [20,24-30) . 
Untreated mice served as controls. We have reported previously that mice 
treated with repeated applications of saline exhibit identical baseline levels of 
epidermal cytokines as untreated mice [20]. EFAD mice were fed an essential 
fatty acid-deficient diet, as described previously [33], until their transepi-
dermal water loss rates exceeded 1 mg/cm2/h. Occlusion of the epidermis 
was accomplished as described previously by sliding mice into one finger of a 
latex glove so that the entire treated area (torso) was covered snugly with a 
water vapor-impermeable membrane [34]. This procedure was accom-
plished within 1 min after acute barrier disruption. Mice were killed by 
cen>ical dislocation and the epidermis was isolated as described previously 
[20]. 
RNA Isolation and Northern Blotting To load sufficient amounts of 
RNA onto each lane of the gel, epidermal sheets obtained from the acutely 
treated areas of two mice (300-400 mg) were pooled and RNA was isolated 
using the method of Chomczynski and Sacchi [35]. In contrast, RNA iso-
lated from the epidermis of one EFAD or EFAD/occluded mouse was suffi-
cient to load onto each lane of the gel. Poly (A)+ mRNA was isolated by oligo 
(dT) chromatography (type 77F, Pharmacia LKB, Uppsala, Sweden), as 
described previously (20). Identical amounts of poly (A)+ mRNA (6-8 Jig) 
were loaded onto the lanes of a 1 % agarose/6.1 % formaldehyde gel. RNA 
blots were prepared as described previously [20]. cDNA probes were 32P_Ia_ 
be1ed using a random priming kit according to the manufacturer's instruc-
tions (Amersham Corp., Arlington Heights, IL). Hybridization to RNA 
blots was performed as described previously [20]. Blots were exposed to 
Kodak X-OMAT AR fi lm at -70·C. 
'INF Western Blotting Mice were treated with acetone as described 
above, except that one flank was occluded subsequently with the latex wrap 
as described previously [34,36]. Epidermis was isolated 2.5 h later by heat 
splitting at 60·C for 55 seconds. An epidermal homogenate was obtained as 
described previously [20]. Samples were loaded onto 10% sodium 
dodecylsulfate-polyacrylamide gels, and protein bands were transferred 
onto nitrocel lulose. Immunoblotting was performed with the Western 
Light Chemiluminescent detection system according to the manufacturer's 
instructions (Tropix, Bedford, MA). The primary antibody was polyclonaI 
rabbit anti-mouse TNFa (Caltag Laboratories, South San Francisco, CAl. 
The center of each lane on the films was scanned with a densitometer (E-C 
Apparatus Corp., St. Petersburg, FL). 
Statistical Analysis Statistical significance was determined using either a 
two-tailed Student t test or a paired t test. 
RESULTS 
EfFect of Occlusion on Epidermal Cytokine Production 
After Acute Barrier Abrogation We examined the effect of 
occlusion on epidermal cytokine mRNA levels after acute barrier 
disruption. Epidermal mRNA levels of TNF, IL-la, IL-1P, and 
IL-lra were elevated 2.5 h after topical acetone treatment (Fig 1), 
findings similar to those reported previously by this laboratory 
[20,21]. However, occlusion of the skin immediately after barrier 
disruption with acetone did not prevent the increase in cytokine 
mRNA levels at 2.5 h (Fig 1). Moreover. as shown in Fig 2, 
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Figure 1. Occlusion immediately after barrier disruption by acetone 
treatment does not affect epidermal cytokine mRNA levels. Mice 
were treated with acetone as described in Materials alld Methods. Immediately 
after barrier disruption, one group of animals was fitted with a latex wrap 
(OCC) and one group was left exposed to air for 2.5 h. Control mice we.re 
untreated. Mice were killed, epidermis was isolated, and poly (A)+ mRNA 
was prepared. An RNA blot was generated and was hybridized sequentially 
with 32P-Iabeled eDNA probes of the indicated cytokines and cyclophilin. 
A) Autoradiographs: latles 1-3, control; IOll es 4-6, acetone treated; lanes 
7 - 9, acetone-treated/occluded. B) Quantification by densitometry of epi-
dermal cytokine levels. The RNA blot depicted in A was scanned by densi-
tometry as described in Materials alld Methods. The mRNA level of each 
cytokine was normalized to cyclophilin on a lane-to-Iane basis. Data are 
presented as means ± SEM after setting control values to unity (solid Ii/Ie). 
n = 3 for each group .• p < 0.03 versus control. "Not significant versus 
acetone .• "p < 0.01 versus acetone. 
epidermal mRNA levels of TNF, IL- la, IL-1P, and IL-lra also 
were elevated 2.5 h after tape stripping (see also [20)), a method of 
barrier disruption that avoids effects due to chemical toxicity. Oc-
clusion of tape-stripped mice for 2.5 h with a water vapor-imper-
meable membrane also did not prevent the increase in epidermal 
cytokine mRNA levels (Fig 2). Thus, in two different acute models 
of barrier disruption, acetone treatment and tape stripping, the in-
crease in the levels ofTNF, IL-la, IL-1P, and IL-lra mRNAs in the 
epidermis was not prevented by latex occlusion. 
Because cytokine production can be regulated at points distal to 
transcription or mRNA stability [37], we determined whether oc-
clusion of acetone-treated epidermis would prevent the increase in 
TNF protein levels that we reported previously using irnrnunoblot-
ting techniques [20] . Acetone-treated epidermis left exposed to air 
or epidermis occluded for 2.5 h with an impermeable membrane 
had similar levels ofTNF protein (Fig 3). Thus, occlusion also does 
not prevent the increase in epidermal TNF protein that occurs 2.5 h 
after barrier disruption with acetone. 
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Figure 2. Occlusion immediately after barrier disruption by tape 
stripping does not affect epidermal cytokine mRNA levels. Mouse 
skin was tape stripped as described in Materia ls a"d MetllOds. Immediately 
after barrier disruption, one group of animals was fitted with a latex wrap 
(OCC) and one group was left exposed to air for 2.5 h. Control mice were 
untreated. RNA blotting and data analysis were performed as described in 
Fig 1. Data are presented as means ± SEM. n = 4 for control; n = 5 for 
tape-stripped and tape-stripped/occluded mice. 'p < 0.03 versus control. 
" Not significant versus tape stripped. 
Effect of Occlusion on Cytokine Production in EFAD Epi-
dermis Previous studies showed that the epidermis from EFAD 
mice contains elevated levels of mRNAs encoding TNFa, IL-1a, 
IL-lP, IL-1ra, and cyclophilin (a commonly used "housekeeping" 
mRNA) [20,21]. Occlusion ofEFAD mice for 24-48 h lowered the 
mRNA levels of epidermal TNF (Fig 4, inset), IL-1a, and IL-1ra to 
nearly control values (Fig 4) . In contrast, neither IL-1P (Fig 4) nor 
cyclophilin mRNA (data not shown) was reduced in EFAD/oc-
cluded epidermis. The level of IL-1a mRNA in EFAD epidermis 
did not reach statistical significance over control levels; presumably 
this is because non-EFAD (normal) mice were used as controls in 
this particular experiment, whereas our previous studies used diet-
reversed EFAD mice as controls. In those studies, IL-1a mRNA was 
significantly increased in EFAD epidermis [20]. Thus, occlusion of 
EFAD epidermis decreases the mRNA levels of certain cytokines, 
i.e., TNFa, IL-1a, and IL-1ra, but not IL-1p. 
Effect of Occlusion on Cytokine Production in Normal 
Epidermis Because occlusion ofEFAD epidermis reduced IL-1a 
mRNA levels below control values (Fig 4), we examined the effect 
of latex occlusion for 8, 24, and 48 h on the levels of TNF, IL-1a, 
IL-1P, IL-1 ra, and cyclophilin mRNAs in normal mouse epidermis. 
Whereas occlusion for 8 h had no effect (data not shown), the level 
of IL-la mRNA was reduced by 40% and 80%, respectively, after 
24 hand 48 h of occlusion (Fig 5).In contrast, the levels of cyclo-
philin, TNF, IL-1P, and IL-lra mRNAs did not change in normal 
epidermis after 8, 24, or 48 h of occlusion (data not shown). Thus, 
application of an occlusive wrap on normal mice reduces epidermal 
IL-la mRNA levels specifically. 
DISCUSSION 
The regulation of epidermal cytokine production in the skin of 
intact animals has not been investigated extensively .In mice, topical 
applications of various contact sensitizers, including 1-chloro-2,4-
dinitrobenzene and urushiol, stimulate epidermal TNFa and IL-la 
production [5,6]. In addition, ultraviolet irradiation (wavelengths of 
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Figure 3. Occlusion immediately after barrier disruption by acetone 
treatment docs not affect epidermal TNFa protein levels. Both flanks 
of hairless mice were treated with acetone as described in Materials a"d 
Methods. Immediately afterward, mice were fitted with a partial latex wrap 
such that one flank was occluded (OCC) and one flank was exposed to air. 
After 2.5 h, mice were kiUed, epidermis was isolated, and immunoblot 
analysis was performed as described in Materia ls alld Methods. The immuno-
blot was subjected to densitometry and TNF protein (17K) was quantified. 
Data are presented as means ± SEM. n = 3 for each group. ' Not significant 
versus acetone. 
250-600 nm) increases epidermal TNFa [4] and IL-la production 
[7,8] and increases circulating levels of these cytokines [4,19]. In 
contrast, a variety of chemically unrelated agents, such as glucocor-
ticoids and cyclosporin, inhibit epidermal cytokine production 
[38,39]. Our laboratory has demonstrated that acute disruption of 
the permeability barrier by either topical solvent treatment or tape 
stripping, as well as chronic disruption of the barrier by feeding an 
EFAD diet, increase TNFa, IL-1a, IL-1P, IL- l ra, and granulocyte/ 
macrophage-colony-stimulating factor mRNA levels in the epi-
dermis [20,21]. Furthermore, TNFa protein also increases after 
barrier disruption [20]. 
In the present study, we determined the effect of occlusion with a 
water vapor-impermeable membrane, a treatment that artificial ly 
restores barrier function, on epidermal cytokine production both in 
normal animals and in animals with a damaged barrier. This study 
demonstrates that occlusion of normal skin with a latex membrane 
decreases the mRN A levels of the proinflammatory cytokine, IL-
la, in the epidermis. In contrast, occlusion of normal skin did not 
affect epidermal TN Fa, IL-1P, IL-1ra, or cyclophilin mRNA 
levels, indicating that IL-1a mRNA is reduced specifically. The 
decrease in IL-la mRNA levels was first observed 24 h after occlu-
sion and persisted for at least 48 h. Normal epidermis contains a 
large reservoir ofIL-1a [1-3], and it has been hypothesized that 
this proinflammatory cytokine is poised to exert its pleiotropic ac-
tions immediately after injury to the epidermis. Although one 
would anticipate that inhibiting IL-1a production in normal skin by 
occlusion would reduce the inflammatory response to injury, it is 
uncertain whether the net effect would be detrimental or beneficial. 
EFAD mice have multiple cutaneous abnormalities, including a 
defective permeability barrier and an inflamed and hyperprolifera-
tive epidermis. Previous studies have demonstrated that these cuta-
neous abnormalities are improved by application of an occlusive 
membrane [30,33] . In the present study, we show that occlusion 
also decreases the mRNA levels ofTNF, IL-la, and IL-lra to nearly 
control values . However, neither IL-1P nor cyclophilin mRNA 
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Figure 4. Occlusion lowers mRNA levels of specific cytokines in 
EFAD epidermis. Mice fed an EFAD diet either were left untreated or 
were fitted with a latex wrap (OCC). Controls were non-EFAD mice for 
measurements ofTNF, IL-1a, and IL-1fi mRNAs. EFAD mice that were fed 
a reverse EFAD diet (essential fatty acid-deficient diet plus 20% corn oil) 
were used as controls for measurements ofIL-1ra mRNA. After 24-48 h, 
the mice were killed, epidermis was isolated, and poly (A)+ mRNA was 
prepared. RNA blots were generated and were hybridized with 32P-labeled 
cDNA probes of the indicated cytokines. Densitometry was performed on 
the autoradiographs as described in Materials al/d Methods. Data represent two 
separate experiments, each with simultaneous controls. Data are presented as 
means ± SEM after setting control levels to unity (so lid /iI/e). n = 4 for EFAD 
and EFAD-occluded; n = 3 for non-EFAD; n = 4 for reverse diet-fed EFAD 
mice. 'p < 0.01 versus control. " p < 0.01 versus EFAD. "'p < 0.05 
versus control. 
levels were affected, indicating specificity of the effect of occlusion 
for certain cytokines. The absence of an effect of occlusion on IL-lfi 
mRNA levels may reflect the origin of this cytokine in epidermal 
Langerhans cells, whereas the other cytokines that we studied origi-
nate primarily from keratinocytes [40]. Thus, the regulation ofIL-
IP may be controlled by signals that are not affected by occlusion. 
Although it is tempting to speculate that the decrease in epidermal 
TNF and IL-la production after occlusion of EFAD epidermis 
causally relates to the amelioration of the cutaneous abnormalities, 
it also is possible that these are epiphenomena. Other experimental 
approaches will be required to address this issue. 
In contrast to the effects on cytokine production in EFAD mice, 
occlusion did not block the increase in cytokine mRNA levels or 
TNF protein levels induced by acute perturbations of the barrier. 
Because previous studies demonstrated that occlusion blocks many 
of the cellular and metabolic responses required for barrier repair 
after acute barrier disruption [25 - 28,30,36], these results suggest 
I that increased epidermal cytokine production may not be the signal 
that initiates the homeostatic repair responses in the epidermis. Al-
ternatively, cytokines could act as primary signals, with occlusion 
inhibiting more distal steps in the repair response. Again, other 
experimental approaches will be required to determine the role of 
epidermal cytokines in initiating or orchestrating epidermal ho-
meostatic responses after barrier perturbation. 
. Because occlusion inhibited cytokine production in the epidermis 
, of EFAD animals, and to a lesser extent in normal mice, it is likely 
that barrier status is an important determinant of epidermal cytokine 
l production under certain pathophysiologic as well as basal condi-
tions. Yet, occlusion did not block the increase in epidermal cyto-
kine production in two acute models of barrier disruption, suggest-
ing that cytokine production after acute disruption may be related to 
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Figure 5. Occlusion lowers mRNA levels ofIL-la in normal mouse 
epidermis. Normal mice were either left untreated or fitted with a latex 
wrap. At the indicated times, mice were killed and epidermis was isolated. 
RNA blotting and data analysis were perfonned as described in Fig 1. Data 
represent two separate experiments, each with simultaneous controls. Data 
are presented as means ± SEM. n = 4 for control and 24 h; n = 3 for control 
and 48 h. 'p < 0.05 versus contro!' 
irUury rather than to barrier status alone. Of course, it is possible that 
the stimulation of cytokine production occurs so rapidly that we 
were unable to apply the occlusive wrap quickly enough to abate the 
cytokine response. Though the exact cellular targets of the signal 
are not known yet, it is clear that external stimuli that injure the 
stratum corneum also stimulate epidermal cytokine production, and 
these in turn initiate a cascade of events in the nucleated layers of the 
epidermis and possibly in still deeper sites. 
In summary, the present study demonstrates that occl usion with a 
water vapor- impermeable membrane decreases epidermal cytokine 
production in normal and EFAD animals. This decrease in cytokine 
production by occlusion may account for some of the beneficial 
effects of occlusion in dermatologic disorders. For example, occlu-
sion has been shown to resolve lesions in a substantial proportion of 
patients with psoriasis [32] . Although the mechanism by which 
occlusion improves these disorders is not fully understood, our stud-
ies suggest that reduction of epidermal cytokine generation could be 
at least one mechanism. 
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